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(57) Abstract: 

PURPOSE: To form the diamond-like carbon film at a low 
temp, by using a specific arom. hydrocarbon compd. as a 
raw material at the time of forming the high-hardness 
diamond-like carbon film by an ionization film forming 
method on the surface of a base material for which wear 
resistance is required. 

CONSTITUTION: A substrate 2, such as cutting tool to be 
treated, is supported by a holder 1 in a vacuum vessel 
10 at the time of forming the diamond-like carbon film 
having the extremely high hardness by the ionization 
film forming method on the surface of the cutting tool 2 
having the high hardness and the excellent wear 
resistance. A boat 6 contg. the arom. hydrocarbon compd 
5 having s 128mol.wt., such as naphthalene, is 

simultaneously heated as a diamond- like carbon source 
to evaporate the naphthalene 5. The vapor thereof is 
introduced together with a carrier gas 9 consisting of 
an inert gas, is introduced into the reaction vessel 10 
and is ionized by the therm oelectrons radiated from a 
hot filament 4. The ions are further accelerated by an 
acceleration electrode 3 and are brought into collision 
against the substrate 2 impressed with a bias voltage, 
by which the extremely hard diamond-like carbon thin 
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[B ft] [OBJECT] 

©ST'SISi^^-Y -Y^ey Tne method of forming a diamond-like carbon 

^ /; %—7$^^$£% : ]&f&~$~'5jj *'' m on a SUDStrate at l° w temperature is 

jfeSrHtt-rs. " provided 
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[SUMMARY OF THE INVENTION] 

The compound 5 forming the source of a carbon 
which is with a molecular weight of 128 or more 
aromatic hydrocarbon compound is heated, and 
is evaporated. 

It accelerates, after ionizing by the heat filament 
4. 

It is made to deposit on a substrate 2. The 
filming method of the diamond-like carbon film 
twisted in the above. 
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[CLAIM 1] 

A filming method of a diamond-like carbon film, 
in which in the ionization filming method using 
the heat filament, with a molecular weight of 
128 or more aromatic hydrocarbon compound is 
used as a source of a carbon. 



[DETAILED DESCRIPTION OF INVENTION] 



[000 1] 



[0001] 
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[INDUSTRIAL APPLICATION] 

This invention relates to the method for forming 
a diamond-like carbon thin film. 
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[PRIOR ART] 

A diamond-like carbon thin film has very high 
hardness. Therefore, in the fields (for example, 
a machine part, a metallic mould, cutting tool, 
etc.) for which wear-resistance is needed, 
covering the surface by the diamond-like carbon 
thin film has been performed widely. 

Wear-resistance is greatly improvable with 
this. 

Forming of such a diamohd : like "carbon thin film 
uses methane, an ethane, ethylene, ethyl 
alcohol, benzene, etc. conventionally to the 
source of a carbon. 

And, it has been performed by the heat CVD 
method, the plasma CVD method using the 
microwave, RF plasma CVD method, the 
plasma spraying process, etc. 
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Dj5fe{C*5V^TJi, S^fSS 800 

VDjfe-CttStRi&S 700 
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[The subject which it is going to solve] 

When forming a diamond-like carbon thin film 
by however and these methods, in the heat 
CVD method, 800-1000 degree C of substrate 
temperatures is necessary. 

Moreover in the plasma CVD method using 
the microwave, 700 degree C or more of 
substrate temperatures is necessary. 

Thus, the any method of the process 
temperature was also high, and has been 
applied only on the substrate of the material 
which has the heat resistance of 700-1000 
degree C or more. 
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* r x*m w it. i&uxmm±. 



[0004] 

Then this invention aims at providing the 
method of forming a diamond-like carbon film 
on a substrate at low temperature. 
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[SOLUTION OF THE INVENTION] 

The present inventors discovers that a 
diamond-like carbon thin film can be formed on 
a heat-resistant low substrate by using an 
aromatic hydrocarbon specific as a compound 
ionized in - the ionization filming method using 
the heat filament. 
This invention was reached. 
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[0006] 

That is, in the ionization filming method using 
the heat filament, with a molecular weight of 
128 or more aromatic hydrocarbon compound is 
used for this invention as a source of a carbon. 

The filming method of the diamond-like 
carbon film characterized by the above- 
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[0007] 

In this invention, the ionization filming method 
using the heat filament means the filming 
method which ionizes the compound forming 
the source of material of the film formed by the 
heat filament, and accelerates the obtained ion 
by the acceleration electrode and is made to 
collide with the substrate which carried out bias 
impression. 

The ionization filming method using such a 
heat filament itself is used in order to form 
usually films, such as the cutting work 
ingredient surface cure. 

It is public knowledge. 

It has the characteristic for this invention 
using a specific aromatic hydrocarbon as a 
membranous source of a carbon in this method. 

By it, filming temperature can be made low. 

And filming velocity is large. 

Moreover the diamond-like carbon thin film of 
a high hardness can be formed. 



[0008] 

In addition, it becomes a diamond-like carbon 
film from a carbon in this invention. 

That which has the hardness which is far 
harder than a_ graphite and is similar to a 
diamond is said. 

Preferably, the hardness measured using the 
dynamic very small hardness meter (made by 
K.K. Shimadzu Corp.) of thickness of the 1000A 
film formed on the polycarbonate substrate says 
the thing 2500Kgves / more than mm2 by Hmv 
(micro Vickers hardness with a load of 0.5g) 
conversion. 
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[0009] 

As a compound forming the source of a carbon 
used with this invention, it is with a molecular 
weight of 128 or more aromatic hydrocarbon 
compound. 

For example, condensed multi-ring -type 
hydrocarbon compound, such as naphthalene, 
an anthracene, and a phenanthrene (that which 
has an alkyl group as a side chain is contained); 
Ring collection hydrocarbon compound, such 
as a biphenyl, binaphthyl, and a terphenyl (that 
which has an alkyl group as a side chain is 
contained); Compound with which two or more 
benzene rings, such as a diphenyl propane, a 
diphenyl butane, and a triphenyl butane, were 
connected by the alkyl group; Alkylation 
benzene derivatives, such as a butylbenzene 
and pentyl benzene. These are mentioned. 

2 or more types may be combined and these 
may be used, even if it is independent. 



[0010] 

The filming method of this invention is explained 
using Figure 1. 

First, compound (5) forming the above- 
mentioned source of a carbon is put on a boat 
(6). 

This is heated by evaporation heater (7). 
Vapor of the obtained compound is ionized by 
the thermoelectron radiated from a heat 
filament (4) with carrier gas (9) (the mixture of 
hydrogen or hydrogen, and inert gas is used 
usually). 

It accelerates through an acceleration 
electrode (3). 

Bias are impressed to substrate (2) or the 
substrate holder (1) (that which superimposed 
the high frequency on direct flow, a high 
frequency, or direct flow is used). 

A previous ion is guided on a substrate and it 
deposits a diamond-like carbon film on a 
substrate in this way. 

Since a substrate is not heated, it does not 
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[0011] 

It* 5. 



[0011] 

The apparatus for implementing the method of 
this invention is not limited to the apparatus of 
Figure 1 . 

As long as it is the apparatus for the 
ionization filming method using the heat 
filament (that is, use a heat filament in order to 
ionize the compound forming the source of a 
carbon), and the apparatus which bias can be 
impressed to a substrate or a substrate holder, 
and can make a film form on a substrate, it may 
be the apparatus which has what composition. 
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[EFFECT] 

Since a diamond-like carbon film can be formed 
at low temperature when using the method of 
this invention, it can make film also on the heat- 
resistant low substrate like an organic high 
polymer film. 

And, increase of filming velocity observes from 
a conventional method. 
The heat loss flaw to a substrate is more few. 
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x 

TjkLtz^W (f&7 4 7 * 

x s -$y^V^7V7 
V (PET) 7 4)^1* (M 



[Example] 

The following Examples explain this invention 
further in detail. 
Example 1 

The apparatus (the ionization filming 
apparatus by the heat filament) shown in Figure 
1 is used. 

The diamond-like carbon film was formed on 
the polyethylene terephthalate (PET) film (film 
thickness 100 micrometre). 
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Filming conditions were as follows. 
Reaction container initial stage degree of 
vacuum: 1.0*10-4 torr 
Pressure close to the time substrate of a 
filming: 2.0*10-2 torr 
Source of a carbon: Naphthalene 
Carrier gas: H2+Ar (6:4) (flow rate 120 
ml/min) 

Filament heating electric power: 0.8 KW 
Acceleration voltage: 1 50 V 
Substrate bias: VDC 150V Substrate 

heating: Nothing 

Substrate temperature: 1 00 degree C 
Filming velocity: 1 .0 Angstrom / second In 

this way, about 1000A diamond-like carbon film 

was formed on PET substrate. 
As for a substrate, an appearance does not 

completely have damage, either. Moreover, the 

diamond-like carbon film was colorless and 

transparent. 
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The obtained diamond-like carbon film was 
confirmed by the Raman line of 1332cm-1 by 
the Raman_spec_trosco|Dic analysis. 

The hardness measurement of this film was 
carried out using the dynamic very small 
hardness meter (made by K.K. Shimadzu 
Corp.). Then, it was 3000Kgf/mm2 in Hmv (load 
of 0.5g) conversion. 
Example 2 

The similar apparatus is used on the similar 
substrate as Example 1 . 

The diamond-like carbon film was formed on 
the following filming conditions. 
Reaction container initial stage degree of 
vacuum: 1.0*10-4 torr 
Pressure close to the time substrate of a 
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filming: 1.0*10-2 torr 

Source of a carbon: Anthracene 

Carrier gas: H2+Ar (6:4) (flow rate 120 

ml/min) 

Filament heating electric power: 0.8 KW 
Acceleration voltage: 150 V 
Substrate Bias: VDC 150V 
Substrate heating: Nothing 
Substrate temperature: 100 degree C 

Filming velocity: 1 .0 Angstrom / second In 
this way, about 1000A diamond-like carbon film 
was formed on PET substrate. 

The substrate did not have damage in the 
appearance, either and the diamond-like carbon 
film was colorless and transparent. 
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The hardness measurement was carried out 
after confirming the obtained diamond-like 
carbon film by the Raman spectroscopic 
analysis like Example 1. Then, it was 
3000Kgf/mm2 in Hmv (load of 0.5g) conversion. 
Comparative Example 

The similar apparatus is used on the similar 
substrate as Example 1 . 

The diamond-like carbon film was formed on 
the following filming conditions. 
Reaction container initial stage degree of 
vacuum: 1.0*10-4 torr 
Pressure close to the time substrate of a 
filming: 2.0*10-2 torr 
Source of a carbon: Benzene 
Carrier gas: H2+Ar (6:4) (flow rate 120 
ml/min) 

Filament heating electric power: 0.8 KW 
Acceleration voltage: 150 V 
Substrate bias: VDC 150V Substrate 

heating: Nothing 
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Substrate temperature: 100 degree C 

Filming velocity: 0.6 Angstrom / second In 
this way, about 1000A film was formed on PET 
substrate. 

The substrate did not completely have 
damage in the appearance, either. 

However, the film was the brown with a low 
transmittance. 

About this film, the similar Raman 
spectroscopic analysis as Example 1 was 
performed. 

The broad peak peculiar to diamond-like 
carbon of near the 1550 cm-1 as a result was 
seen. 

However, the Raman line of 1332cm-1 was 
not seen. 

The hardness measurement was carried out 
like Example 1 Then, it was 1000Kgf/mm2 in 
Hmv (load of 0.5g) conversion. 
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[EFFECT OF THE INVENTION] 

By this invention, a diamond-like carbon thin 
film can be -formed- on a . substrate. a_t early 
velocity at low temperature. 

Moreover, the obtained diamond-like carbon 
film is transparent, and its hardness is high. 



[BRIEF EXPLANATION OF DRAWINGS] 



[Hi] [FIGURE 1] 

Hi ft, *%^<7)^jfeSrTT5fc Figure 1 is 1 example of the apparatus for 
#><D|£Mgd 1 ^W-MXhh 0 performing the method of this invention. 
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[ft-%<DmW] [EXPLANATION OF DRAWING] 

1 : JEIJk^A'^— N 2 : 1: Substrate holder, 2: Substrate, 3: 

3 • APiStt'H 4 • %.~7 J- Acceleration electrode, 4: Heat filament, 5: The 

V K 5 compound forming the source of a carbon 6: 

fi ^ _ t 7 Boat, 7: Evaporation heater, 8: The valve for 

o : SiiWrn ^ flow rate adjustment, 9: Carrier gas, 10: 

8 : mmmmm^y, 9 : * Reaction container, 11: Exhaust gas, 12: 

-V y ir#^ 10:S/&3sMHik 11 : Filament heating power supply, 13: Ionization 

Wf%* 12 : 7 4 y * V h^P^ power supply, 14: Acceleration power supply, 

WM* 13 : 4 *l/4kWM* 14 : 15: Substrate bias power supply 

■hmmm, 15 : mm'<jTx 
mm 

[Ml] [FIGURE 1] 
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